AryabhaTa's and kaTapayAdi systems of encoding numbers in Sanskrit words have been in vogue since antiquity in Indian science. The process of decryption and decoding such numbers from the verses has been achieved only manually hitherto. Automating this process has been the focus of this communication. The process of decryption was achieved using a code written in LabVIEW platform of programing.
MATHEMATICS and astronomy have been fascinating academic disciplines across different civilizations since antiquity. Advancement in these fields is impossible without the knowledge of number systems. Various civilizations internalized the concept of number systems differently; for example, prevalence of the sexagesimal system of the Babylonians and vigesimal system of the Mayans. Ancient Indian engagements with mathematics and astronomy have been quite intense as evident from the much celebrated and the currently followed system 1 . Besides the knowledge of number systems, representation of numbers is by itself a highly abstract and nonintuitive concept. In the Indian system of numbers and their representation, three different methods were widely followed by ancient Indian mathematicians and astronomers. They are kaTapayAdi, AryabhaTa's and bhUtasan~NkhyA systems. These systems are currently being brought to the fore from obscurity for various reasons, although these are well known among the historians of science. All these three systems incorporate numeric codification using linguistic phrases. Among them, bhUtasa~Nkhya stands out separately as it uses meanings of words for coding numbers. For instance, to represent the number 1, words like moon, earth; and for the number 2, words like eyes, ears, etc. are used.
On the other hand, the kaTapayAdi and AryabhaTIya systems of numeration follow a different logic by making use of consonants and vowels individually. Both these systems ascribe definite numbers to vowels and consonants of the Sanskrit language. Decoding these numbers from the syllables which appear as words in verses is being done manually at present. We have automated this process using LabVIEW program 2 , so as to both expedite and have a flawless decoding process. To the best of our knowledge such a program has hitherto not been written. Before we proceed to the automation process, which is the main focus of this communication, we will briefly introduce both the kaTapayAdi and AryabhaTa's systems of numeration.
In this communication, the Sanskrit terms are expressed in Roman script using the ITRANS scheme for transliteration throughout, except while coding, where we make use of the SLP1 scheme of transliteration. Table 1 displays these two transliteration schemes for the sake of clarity along with the DevanAgari counterpart.
In the kaTapayAdi system, stand-alone vowels (possible only when a word begins with a vowel), the Sanskrit consonants '~n' and 'n' represent the number 0. Vowels that are associated with any consonant are not numerically significant 3 . It is only the other consonants that are assigned to numbers 1-9, as shown in Table 2 . The word kaTapayAdi is made of letters ka, Ta, pa, ya and a word Adi (equivalent to 'et cetera') that appear as the first letter in the rows of Table 2 . Hence the name suggests the beginning of counting from these letters.
In the case of words where there are syllables with more than one consonant (for example, the syllable 'ksha' in 'ksharA', where the syllable 'ksha' is a combination of 'k' and 'sha'), only the consonant which is proximal to the vowel ('sh' from 'ksha') must be considered, and other consonants ('k' in the above example) must be ignored. If the word 'ksharA' is decoded according to the kaTapayAdi system, we will get the numbers 5 represented by the syllable 'ksha' and 2 represented by 'rA', and hence the number will be 25 (conventionally numbers are read from right to left in Sanskrit). If we consider the example 'aksharA' where the vowel 'a' appearing in the beginning is an independent vowel, it would be decrypted as the number 0 and hence the final decoded number from 'aksharA' will be 250.
The above-mentioned procedure of decryption has been automated using LabVIEW Express technology, which is one of the most flexible environments to construct automated systems easily and speedily. Similar to traditional programing languages, LabVIEW also has variables, data types, looping structures, function callings and error handlers. It is also a graphical user-based interactive language.
It must be noted that for the input string, we use the SLP1 scheme for transliterating the devanAgari script to the Roman script and giving as input in the LabVIEW program. The rationale behind the choice of this transliteration scheme is that only in this scheme single Roman alphabets are used throughout, both for the aspirated and unaspirated Sanskrit consonants. This makes the coding far easier. 
The association of vowel 'a' in the table is just for illustration as the values will be the same for any other associated vowel. The algorithm for decryption of kaTapayAdi using Labview is as follows: (1) Input string is split into characters and checked for stand-alone vowels. (2) If the first letter of the string is not a vowel, the search is continued for letters whose neighbouring letter is a vowel. The screenshot of the program modules is given in Figure S1 (see Supplementary material online). Some of the redundant tasks were written as a sub-VI, so that it could be called whenever needed. There are a total of three sub-VIs in the code. Sub-VI 1 converts the given input string into an array of characters. Sub-VI 2 is used for extracting the full letters from the stream of characters arriving to it. Sub-VI 3 decodes the letters by assigning numerical values to them.
Some of the inputs are taken from the book karaNapaddhati by Pudumana SomayAji 4 , and the automated outputs are shown in Figure 1 . In this figure as mentioned above, the inputs are given in SLP1 fonts as this is the most intuitive for programing purposes. The inputs along with the devanAgari in brackets are: 11  12  13  14  15  16  17  18  19  20 The AryabhaTa's is a unique system propounded by the great mathematician and astronomer of ancient India, AryabhaTa (476-570 CE) 5 . He used this scheme in his magnum opus called AryabhaTIya. This is one of the works which dealt with the centesimal place value system of representing numbers from which the decimal system perhaps evolved later. In this scheme, the vowels play an important role as they denote the place value of numbers. Table 3 shows the mapping between Sanskrit consonants with numbers encoded in them, and Table 4 shows the place values represented by the vowels 6 . The decryption in this system is done as follows: (1) The value of the consonant is written according to Table  3 . (2) Depending on the vowel which is attached to the consonant, the consonant is multiplied with an appropriate power of 10 as shown in Table 4 . (3) All such decoded numbers from the individual letters in a word are added to arrive at the final number represented by that word. (4) In case of a conjoined syllable, all the consonants in it are taken into consideration. The vowel which is associated to the final consonant in such a conjoined syllable is associated to all the consonants present in the conjoined syllable.
For example, if we take the same word 'ksharA', we have two syllables, namely 'ksha' and 'rA' which correspond to ((1 + 70)  10 0 ) + (40  10 0 ) respectively, that results in the final number 111.
This method of decryption from the AryabhaTa's scheme was also automated using a LabVIEW code, once again incorporating the SLP1 scheme of transliteration. The screenshot of the program modules is given in Figure  S2 (see Supplementary material online). The following steps briefly describe the LabVIEW code for decoding the string in the AryabhaTa's system: (1) The input string is separated and syllabified which were further converted into arrays using sub-VI 1 and 2. (2) The values are assigned to the characters in the array according to the AryabhaTa's scheme using sub-VI 3. (3) If the input string consists of conjoined consonants, individual consonants are added together and then multiplied with the value of the vowel associated with the last consonant of the conjoined consonant. Figure 2 provides the inputs for the LabVIEW code (in SLP1 font) as well as the output of this scheme. Herein we show the same inputs in both SLP1 and devanAgari fonts (in brackets). both the kaTapayAdi and ArybhaTa's systems. This protocol is reliable and free from any kind of defect. It will go a long way in helping researchers in the field of history of Indian mathematics and astronomy, who constantly deal with such decryption processes. The automated process would not only render correctly decoded numbers, but will also speed-up the research work.
